Dead wood is important to small mammals and is hypothesized to be used as travel paths. We evaluated the likelihood of different a priori models regarding sex-and season-specific differences and if quantity of wood in the environment influenced path selection of 41 Townsend's chipmunks (Tamias townsendii) in coniferous forests of western Oregon with the spool-and-line method using an information-theoretic approach. On average, 50% (SD ¼ 4%) of the surficial portion of a chipmunk's path was associated with downed wood and 79% (SD ¼ 10%) was on top of logs. Chipmunks disproportionately selected paths with downed wood relative to its availability and the model indicating that quantity of wood in the environment influenced path selection was 22.6 times more likely than the null model. At average wood densities (paths with 26% wood), a chipmunk was 3.0 times more likely to select locations with downed wood than locations without downed wood (95% confidence interval [95% CI] ¼ 2.5-3.5). Furthermore, chipmunks selected wood that averaged 1.2 times larger in diameter than randomly available wood (95% CI ¼ 1.1-1.3). Our findings document that Townsend's chipmunks preferentially use downed wood and we hypothesize that downed wood may influence fitness or survival of individual chipmunks.
Habitat selection studies can provide useful insight for effective management of habitats for wildlife. Approaches to examine resource selection by small mammals often are limited to comparisons of density or abundance derived from trapping studies. However, using trap results to identify patterns of microhabitat use of small mammals can be problematic because the presence of bait can influence resource selection (Douglass 1989; Manville et al. 1992) . Alternate measures, such as fitness, reproductive condition, and survival that provide a more complete understanding of the importance of a habitat or habitat component also could be used when evaluating habitat quality for a species (Van Horne 1983) . Unfortunately, data on fitness, reproductive condition, and survival can be difficult to obtain for many species in field settings (McCravy and Rose 1992) . In contrast, path selection using powder tracking (Lemen and Freemen 1985) or spool-and-line (Boonstra and Craine 1986 ) provides a direct measure of resource selection by a species. Path selection studies can be used to evaluate selection for specific resources (e.g., downed wood) without potential biases from the presence of baited traps (Douglass 1989; Manville et al. 1992) . Further, evaluation of path selection can provide a finer resolution to assess use of habitat than typically obtained through trapping or radiotelemetry (McShea and Gilles 1992; Mullican 1988) .
Dead wood on the forest floor is an important habitat component for small mammals (Bunnell et al. 1997; Carey and Johnson 1995; Harmon et al. 1986 ). Logs serve as substrates and environments for fungi, lichens, and invertebrates, which provide forage and prey items to many species (Bunnell et al. 1997; Evans et al. 2003; Hayes et al. 1986; Maser and Trappe 1984; Rambo and Muir 1998) . Use of downed wood as physical cover for nests or dens (Bull et al. 1997; Maser and Trappe 1984; McCay 2000; Thompson 1996 ) and travel paths McCay 2000; McMillan and Kaufman 1995; Ucitel et al. 2003; Zollner and Crane 2003) has been documented for some species, although the value of downed wood to many species is unknown.
Townsend's chipmunk (Tamias townsendii) is a common sciurid that is prey for diurnal predators and disperses mycorrhizal fungal spores in coniferous forests of the Pacific Northwest (Carey 1995; Hayes et al. 1995; Verts and Carraway 1998) . This species can be abundant in riparian areas and upland habitats as well as across a range of stand ages and conditions (Carey 1995 (Carey , 2000 Doyle 1990; Hayes et al. 1995; Rosenberg and Anthony 1993) . Although much is known about general habitat associations of Townsend's chipmunks, little is known about their association with downed wood at the individual or population level.
Our objective was to examine the influence of downed wood on path selection by Townsend's chipmunks in conifer forests. Specifically, we examined if chipmunks selected paths based on the presence and characteristics of downed wood. Further, we examined if use of downed wood differed between females and males, between summer and autumn, and with the quantity of wood in the environment. Given the importance of downed wood to path selection of eastern chipmunks (Tamias striatusZollner and Crane 2003), shrews (Sorex-Craig 1995) , deermice (Peromyscus- Barnum et al. 1992; Carter 1993; McCay 2000; McMillan and Kaufman 1995) , and southern red-backed voles (Myodes [formerly Clethrionomys] gapperi- Ucitel et al. 2003) , we hypothesized that Townsend's chipmunks would disproportionately select paths with downed wood. Further, because populations, home ranges, and habitat selection of individual small mammals are sometimes related to stage of decay, size, and other characteristics of downed wood (Carey and Johnson 1995; Hayes and Cross 1987; McCay 2000; Tallmon and Mills 1994; Thompson 1996) , we hypothesized that chipmunks would select larger-diameter wood and wood that was elevated because it can provide paths under the logs that could function as protective cover (Hayes and Cross 1987) .
MATERIALS AND METHODS
Study area.-The study was conducted on the Oregon State University McDonald-Dunn Research Forest at the eastern edge of the Oregon Coast Range in Benton County, Oregon (44836-439N, 123813-219W) . Forests in this area are dominated by Douglas-fir (Pseudotsuga menziesii) with minor amounts of grand fir (Abies grandis), bigleaf maple (Acer macrophyllum), Oregon white oak (Quercus garryanna), Pacific madrone (Arbutus menziesii), Pacific dogwood (Cornus nuttallii), red alder (Alnus rubra), Oregon ash (Fraxinus latifolia), and bitter cherry (Prunus emarginata -Chambers 1996) . We tracked Townsend's chipmunks in stands in which one-third of the stand volume was removed in 0.2-ha circular clear-cut patches between 1989 and 1991 (Chambers et al. 1999 ). Stands were 90-130 years old before harvest and 8-12 ha in size and were part of the Oregon State University College of Forestry Integrated Research Project (Chambers 1996) . On average, stands in our study had 95.6 m 3 /ha of downed wood (range 60.3-144.6 m 3 /ha). Field methods.-We trapped chipmunks in 6 stands in July (summer) and September (autumn) 2001 and evaluated path selection of adult female and male Townsend's chipmunks with the spool-and-line technique (Boonstra and Craine 1986; Key and Woods 1996) .
One trapping grid was randomly located within each stand so that it encompassed an area that approximated stand-level proportions of uncut (about two-thirds of the grid) and cut (about one-third of the grid) forest and had a buffer of at least 35 m between the grid and edge of the stand. Within each stand, we set 40 Sherman live traps (model LFA, 8 Â 9 Â 23 cm, H. B. Sherman Traps, Inc., Tallahassee, Florida) in 4 rows of 10 traps; traps were 10 m apart within a row and rows were 20 m apart. Traps were baited with a mixture of peanut butter, rolled barley, rolled corn, rolled oats, and cane molasses, and the bait was wrapped in waxed paper and suspended inside the rear door of each trap (Stout and Sonenshine 1973) . Each trap was covered with a milk-carton sleeve for insulation and protection from rain and direct sunlight. Polyfiber batting was used for bedding to provide additional thermal protection for captured animals. Traps were set in the morning and checked every 2-4 h to minimize time chipmunks were in traps before tracking. In September, we also set traps in the evening and checked them the following morning.
We attached spools in the field to every adult chipmunk that was captured. We wrapped each spool in Parafilm M (Structure Probe, Inc., West Chester, Pennsylvania) to keep the thread dry and taped a spool to the dorsal side of the base of each chipmunk's tail with 2 small pieces of duct tape. A 3rd piece of tape was placed over the leading edge of the spool to reduce the chance that the thread would get caught on the spool. Spools weighed about 2.9 g after attachment and comprised ,5% of a chipmunk's mass. Any tape remaining after the thread was dispersed was loose on the tail and generally fell off the animal within a few days. Spools had a maximum length of about 150 m, a length that was sufficient to traverse the average home range (0.5 ha) of an adult Townsend's chipmunk (Verts and Carraway 1998) .
We secured the leading end of the thread to a stationary object at the trap station; the trailing end of the thread was marked with red ink to allow positive identification of the end of the trail. To standardize release, each chipmunk was returned to the trap and allowed a few minutes to become calm. The trap then was placed on the ground in its original position, oriented in a random direction, and locked open. The animal was allowed to exit the trap of its own accord. After opening the trap, all researchers immediately left the study site by the most direct manner along a path that avoided potential encounters with the chipmunk. Observations suggested that the thread was fully deployed within 2-3 h of release. In most cases, paths were located .4 h later the same day or on the following day, depending upon time of release. Our observations of individuals immediately after release and the general pattern of the dispersed string among all of the chipmunks suggests that path selection by chipmunks with spools was not strongly influenced by presence of the spool. This research was conducted under the auspices of the Oregon State University Laboratory Animal Resource Center and Oregon Department of Fish and Wildlife and was consistent with guidelines of the American Society of Mammalogists on animal care and use (Animal Care and Use Committee 1998) .
We measured habitat use along each path and categorized trail segments as arboreal, subterranean, or on the surface (surficial). We defined an arboreal trail segment as a portion of the trail where the string was suspended in vegetation or ascended into the canopy, and portions of the trail where the string was underground were defined as subterranean trail segments. Portions of the path that were neither arboreal nor subterranean were considered surficial trail segments. To determine extent of arboreal and subterranean use, the string was cut at the points where it left and returned to the surface. The string was then collected and the total length measured. In one case, subterranean string was broken during collection and thus the measured length represents a conservative estimate of subterranean use. All string was removed from the field to minimize risk of injury or death to other animals by entanglement with the string (Loegering 1997) .
We evaluated use of downed wood by comparing presence of wood at 0.5-m-radius circular plots along the path used by the chipmunk (hereafter called ''used plots'') and at randomly selected points adjacent to the path (hereafter called ''random plots''). The 1st circular plot used was centered on the string 2 m from the release point, and additional plots were centered at 2-m intervals to the end of the path. Random plot centers were centered 1 m from the path along a random compass heading. The 1st point on the path used to establish random plots was located 1 m from the release point, and additional random plots were established at 2-m intervals along the path. If a selected random plot overlapped a used plot, an alternate random compass bearing was selected. A plot was considered to be associated with downed wood if any part of the plot included any portion of any downed wood !1.0 m in length having a diameter !10 cm. These criteria were based on the assumption that a Townsend's chipmunk within 0.5 m of downed wood of this size perceives and uses it either as cover or to facilitate movement. For each piece of wood meeting these criteria, we recorded the type (conifer or hardwood), diameter (in cm, maximum within plot), and decay stage (hard or soft) of the wood, and whether it was elevated off the ground (downed wood suspended above ground) within the plot. The limited distribution of data for type of wood (mostly conifer) and decay stage (mostly hard) in plots precluded meaningful analyses and these data are not discussed further.
We determined where the chipmunk's path lay relative to downed wood as indicated by the thread (type of use: top, underneath, inside, and beside) and measured distance from the path to the wood if wood was 50 cm from the path. We defined the path to be on top of the log when the string was either on the top or side of the log, underneath the log when the string was on the ground directly under the log or beneath the overhang of the log, beside the log when the string was on the ground at any point outside the overhang of the log, and inside the log if the string was in a cavity in the wood or beneath exfoliating bark. In used plots with more than 1 piece of wood, we restricted analysis to the piece of wood that was closest to the string. In random plots with more than 1 piece of wood, we used the piece of wood with the greatest diameter in statistical analyses.
Analytical methods.-We used a hierarchical approach proposed by Meredith and Stehman (1991) to evaluate how availability of wood, diameter of wood, and whether or not the wood was elevated influenced path selection by chipmunks. For each question, we developed an appropriate model (described below) and estimated the relevant parameter for each chipmunk individually. We then asked whether there was a systematic influence of sex, season, or quantity of wood in the environment (as estimated by data from random plots) on the values of the estimated parameters (Meredith and Stehman 1991) . We used an information-theoretic approach (Burnham and Anderson 2002) to evaluate the relative importance of 3 a priori models and a null model. The 4 possible competing models were the following: null model: the estimated parameter was not a function of sex, season, or wood quantity; sex model: the estimated parameter differs between males and females; season model: the estimated parameter differs between summer and autumn; and wood quantity model: the estimated parameter changes with amount of wood in the environment.
We ranked models using Akaike's information criterion for small sample sizes (AIC c ) for each base model; AIC c was calculated with PROC MIXED (SAS Institute Inc., Cary, North Carolina). We calculated ÁAIC c as the difference between the best model (model with the smallest AIC c ) and each of the other models for each base model. Models with ÁAIC c values 2.0 were considered to be strongly competing, models with ÁAIC c values between 2.0 and 4.0 to be moderately competing, and models with ÁAIC c values .4.0 to be weakly competing or not competing models (Burnham and Anderson 2002) . We computed Akaike weights (w) for each model to provide an estimate of relative importance of each model given the data (Burnham and Anderson 2002) . We calculated evidence ratios as a ratio of w of each of the models to the best model; evidence ratios are measures of the strength in support of the best model relative to other models of interest (Burnham and Anderson 2002) . We interpreted models with evidence ratios .7.4 as strong evidence that the best model is the better model, those with evidence ratios of 2.7-7.4 as moderate evidence that the best model is the better model, and those with evidence ratios ,2.7 as weak evidence that the best model is the better model (Burnham and Anderson 2002) .
To evaluate whether chipmunks disproportionately selected plots with wood along the path (availability model), for each chipmunk we fit a logistic regression model using PROC GENMOD in SAS (SAS Institute Inc.) of all used and random plots to estimate the relative odds of a plot on the path versus a random plot containing wood.
To examine whether chipmunks selected larger diameter wood, we used only the subset of data from used and random plots that actually contained wood (diameter model). We estimated the difference between the average diameter of wood on the path and that on random plots using PROC MIXED in SAS (SAS Institute Inc.) for each chipmunk individually.
To evaluate whether chipmunks disproportionately selected wood that was elevated off the ground (elevated model), again we used only the subset of data from used and random plots that actually contained wood for each chipmunk and categorized the wood in each plot as being elevated or not. Some path-by-elevated combinations had very few or even no points for 17 of the chipmunks, making parameter estimates either very unstable or inestimable. This analysis, then, was based on only 25 chipmunks (16 males and 9 females, and 6 summer and 19 autumn trials) for which adequate data were available. For each of these chipmunks we fit a logistic regression model using PROC GENMOD in SAS (SAS Institute Inc.) to estimate the relative odds of a plot on the path versus a random plot containing elevated wood.
RESULTS
We tracked 41 Townsend's chipmunks for a total of 5,093 m. Paths of 4 additional individuals were excluded from all analyses because spools were shed by chipmunks within 55 m of the release point (3 trails) or because the string broke and was obviously disrupted (1 trail). Mean trail length was 124.2 m (SD ¼ 8.1 m) and averaged 84.6% (SD ¼ 6.2%) surficial, 14.9% (SD ¼ 7.0%) arboreal, and 0.5% (SD ¼ 0.9%) subterranean (Table 1) . A mean of 50.4% (SD ¼ 4.1%) of surficial chipmunk paths were within 50 cm of downed wood (Table  1) , and a mean of 54.5% (SD ¼ 6.1%) of this use was on top, inside, or underneath downed wood. Although wood levels averaged from 49% to 62% directly on chipmunk paths (0 cm from thread), average wood levels in 10-cm intervals out to 50 cm only ranged from approximately 4% to 15% (Fig. 1) . On average, 78.6% (SD ¼ 10.0%) of the use directly associated with downed wood (0 cm from downed wood) was on top of logs (Fig. 2) .
In all but 1 case, Townsend's chipmunks disproportionately selected plots with downed wood (Fig. 3) . There was strong evidence that chipmunks disproportionately selected paths with wood (availability model) and that the quantity of wood in the environment influenced path selection; the closest competing model (null model) had a ÁAIC c value of 6.24 and an evidence ratio of 22.6 (Table 2) . At average wood densities (26% of path), a used plot was 2.99 times more likely to be associated with downed wood (95% confidence interval [95% CI] ¼ 2.53-3.53) than a random plot and a decrease of 10% of wood in the environment results in an increase in the relative odds of wood use between 6% and 36%. We found no clear evidence that use of wood differed with sex or season ( Table 2) . Downed wood in used plots averaged 1.23 times larger in diameter than wood in random plots (diameter model; 95% CI ¼ 1.14-1.34). We found no clear evidence for differences in patterns of use with sex, season, or quantity of wood in the environment because the null model was a strongly competing model (ÁAIC c ¼ 0.66; Table 2 ).
On average, 45% of the wood was elevated both in used and random plots; the relative odds of wood being elevated on a path was 1.05 times that found in random plots (elevated model; 95% CI ¼ 0.75-1.47). We found no clear evidence that the relative odds of elevated wood on the path versus randomly available wood varied with sex, season, or quantity of wood in the environment and the null model was the best model (Table 2) .
DISCUSSION
Our study is the 1st to document the importance of downed wood in path selection by Townsend's chipmunks and contributes to the growing knowledge base that downed wood is selected as travel paths by many species of small mammals including deermice Carter 1993; McCay 2000; McMillan and Kaufman 1995) , shrews (Craig 1995) , southern red-backed voles (Ucitel et al. 2003) , and eastern chipmunks (Zollner and Crane 2003) . Interestingly, downed wood influences path selection and habitat use by individual Townsend's chipmunks even though Townsend's chipmunk populations do not consistently seem to respond to downed wood in the environment (Carey 1995 (Carey , 2000 Doyle 1990; Hayes et al. 1995; Morrison and Anthony 1989; Rosenberg and Anthony 1993) . Similarly, eastern chipmunks select downed wood as travel paths (Zollner and Crane 2003) although populations do not appear to respond to downed wood (Dueser and Shugart 1978) . The relationship of abundance, density, and demographics of populations with downed wood may be difficult to observe in Townsend's chipmunks because their populations are variable through space and time (Waldien 2005) and studies to evaluate many population matrices are limited with inadequate replications to get biologically meaningful patterns that are supported by statistics. We suggest that downed wood may convey benefits to individual animals through increased survival (Manning and Edge 2004) , reproduction, or fitness and that these benefits to individual animals could translate to populations.
The importance of large wood (e.g., diameter and length) has been observed in several species of small mammals. The disproportionate use of larger-diameter wood by Townsend's chipmunks in this study is similar to that observed for whitefooted deermice (Peromyscus leucopus- Barnum et al. 1992) and western red-backed voles (Myodes californicus-Hayes and Cross 1987). Although it is not clear why animals select larger wood, it has been suggested that large wood provides better navigational cues (Barry and Francq 1980; McCay 2000) or protective cover (Hayes and Cross 1987) . Another hypothesis is that larger logs may offer more cover and contiguous movement paths over broader expanses.
Our observations that individual chipmunks use the tops of logs is consistent with the hypothesis that small mammals use downed wood as travel paths to facilitate rapid and relatively silent movement between areas (Fitzgerald and Wolff 1988; Roche et al. 1999) . The use of tops of logs as paths also is known for cotton deermice (P. gossypinus-McCay 2000), white-footed deermice (McMillan and Kaufman 1995) , and Gapper's red-backed voles (Ucitel et al. 2003) . Although the use of logs in this manner may reduce audible noise detectable by many predators (Roche et al. 1999 ) and reduce predation risks from auditory-orienting predators (Fitzgerald and Wolff 1988; Roche et al. 1999) , use of tops of logs also places individuals in locations where they may be subject to greater predation pressure by aerial predators. However, animals also may use logs because they can more easily see and detect predators and, if need be, quickly escape to the underside or overhang of the log.
The lack of clear evidence of disproportionate use of elevated wood by Townsend's chipmunks is inconsistent with our hypothesis. Chipmunks regularly used tops of logs as travel paths, suggesting overhead cover may not be a primary function of downed wood to chipmunks. However, the overhang from nonelevated large-diameter logs, which is readily accessible by animals traveling on the top of a log and hypothesized to be important cover for western red-backed voles (Hayes and Cross 1987) , could provide the protection we hypothesized to be associated with elevated wood. Nonelevated small-diameter wood was relatively more abundant in our study area and was used by chipmunks but the size of the overhang on nonelevated small-diameter logs likely is too small for chipmunks to use efficiently.
Although reasons underlying use of downed wood generally are not readily apparent from tracking data collected with the spool-and-line technique or similar methods (e.g., powder tracking- Lemen and Freeman 1985) , the variable patterns in how Townsend's chipmunks in our study used downed wood (i.e., movement on top of, under, inside, and beside logs) suggests that downed wood serves many functions to individual chipmunks (e.g., cover and concealment, foraging, movement, and navigation) and that the primary function likely changes with context over short distances or periods of time. Observed patterns of chipmunk paths suggested rapid movement through areas (straight paths on top of logs), foraging behavior (convoluted paths associated with or on downed wood and shrubs), and perhaps orientation (repeated use of downed wood that was followed by major changes in the direction of travel). Although chipmunks and other small mammals may benefit in several ways by selecting paths on or near downed wood (Zollner and Crane 2003) , the benefits of downed wood to small mammals may be moderate because predators of small mammals also are known to forage or select paths near downed wood (Buskirk and Zielinski 2003) . Marten (Martes americana) use logs as den and resting sites (Buskirk et al. 1989; Spencer 1987 ) and as access routes to subnivian nests and dens (Bunnell et al. 1997; Sherbourne and Bissonette 1994) . In another study by one of us (DLW), 3 ermine (Mustela erminea) that were tracked in our study area with the spool-and-line technique selected paths on, in, and near downed wood and the pattern of movement suggested that the ermine were actively searching the downed wood and areas near wood as they traveled through the area. The size and morphology of ermine allow them to readily exploit habitats used by potential prey (Simms 1979 ) and benefits of downed wood as cover from ermine likely would be reduced. However, small hollows and crevices in downed wood can provide protection to small mammals from predators too large to access the hollow (Spencer and Zielinski 1983) .
Information on the importance of downed wood at larger spatial and temporal scales for Townsend's chipmunks is lacking. Studies of minimum amounts of downed wood needed to elicit a response by chipmunks and upper limits where chipmunks no longer appear to respond to downed wood are needed. Studies that examine the importance of downed wood to chipmunks across multiple spatial scales could include how downed wood influences movement through an area, selection of an area, and population-level responses. Understanding the functional value of downed wood to Townsend's chipmunks and other species of small mammals at individual and population levels is needed to better understand their behavior and ecology and would facilitate effective conservation and management. 
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